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(57) Abstract: This invention provides a process for producing diamond, graphite, or a mixture of diamond and graphite by 
reducing CO or C02, which comprises a step of contacting a reactive metal capable of reducing a carbon source to elementary 
carbon with CO and/or C02 as the carbon source and/or the source thereof under the reduction conditions sufficient to reduce the 
carbon source to elementary carbon. The thus obtained raw diamond or a mixture of diamond with graphite is subject to strong 
heat treatment with perchloric acid to produce pure diamond granules. This process has relatively low reaction temperature and 
pressure. The apparatus therefor is simple and easy to operate. The diamond obtained has good crystallizability and free of 
impurities, with the particle size up to hundreds of micrometer. In addition, this invention makes use of the industrial 
byproducts, CO and CO<sb>2</sb>, which not only changes wastes into valuables and thus is low in cost, but also improves the 
environment and thus exhibits good social and economical benefits. 
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(57) »5 

wmR^-piiZiji-g'fiSiXo my, ^m\mjM\r^ co m co 2 , -^mtik%^., & 
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*^B^#Msm^Mas^#^wa<j co us co 2 m&Him> ^mmmmmft 

5 MM-^tlWfe^o 



¥w%ttmrtLtomm. tt&ffimtm&mm*, Mmmm%&uAx& 
10 j&m\>fi^Mm&)T-&o fam&&&Rmmmmnmm- 
xjmm±. n&7*.mfam, ^T^snai. 1954 ^, mmvm i&m 

(Nature) ft 176 * 51 ]EBRflt7lU FeS fBS#J, £TO&&JiiSM> *ffifc#T. 
15 Cr, Mn, Fe, Co, Ti, Al ^) ffilfciWJ, HWl'^£Bffitt£kft , £ 5-100kbar 

ft 1200-2400K AfiT-fr/ftftM?. Stt#ft*#tJ*y. □aw&WMl. 

4»H^J 97119450.5 Ul^JtH (Science) 1998 281 # 246 

m^JF7W CCl 4 f£$$H, m Na Affi|iJ«|, ffl Ni-Co &MfftlttJRI. * 700-C 

20 ffi^im^dMMbfeHW. 

25 

*»WttBtt«WJHWPJJB 0p| CO. W4k^*«asaK#!U CO 
so *7&S±4£Ito, *^B^^BJAa ; fT7Afi:^A4lSc6<]W^, tt 
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co 2 m co 2 m, co sg co Mtt%mm&&%®&m0MT^M®w&&mmi%-mttm 
t ^f^^^jiw co wm co agsiM co 2 fp/^ co 2 mimmm&BMfa&m. 

KnKiSWfcaS C0 2 Wn£ C0 2 M. 

fiffl?*»*wm««TO*^tww co m co 2 &mmm%-m&m, mm 

2V WTtfJ&M. ^tSffi^R^JHNaBHi* Rb, CsI&Mg. Ca. 
Sr, Ba +W-Htt*^jH«tta^*. ^IWHMlifeKlIf ■ 

ttffll* co 2 /C0|-W#»*ft*»*-2.2V, (XJi-A-^Msaw^W i**. ^#*n 
C0 2 £j&, ^ja«HK%8l. 4W.*»»«%SWE-2.2VlUTttA*l. *PNafidfe«* 
ft*»A-2.7V, K W#?t*«*»JI-2.931V, Li «|:|S?fci&fc«fe*§*-3. 04V. Mg ftj 

*s*%«%»*-2. 37v, asTO/g^ais co 2 M^M&m&RmmGmton&m* 
mm?*R*m&&.mtommi)tT&%i&'j> ioo-c^um, 300-2000-0 

^£JI Na Li, K> Rb. Cs 3fiEIK&JRltt, ffiiS£4>* 300 °C, ^{fc 

300~2000°C : Mg, Ca, Sr> Ba 3;j£I5&JHH*, fij&il l£ 

650°C, M^ife^ 650-2000X2 0 

Sffl^*S9ijE.JSIifijatfl<JffiAffi:ias*M4> 0. 2kbr, 0.2~5.0kbar 

n&jjtoR®£*mfM, mm&Mtomr, #*«iffi*iws. wMe^t/i 

3C0 2 + 4M = C ¥Sla8&Hll5#5»Wa'&«») + 2M 2 C0 3 (M= Li WL 
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Na, K, Rb, Cs) 

3co 2 + 2n = c c^pgij^, ^^m^nwm^^mm^m + 2nco 3 <n= M g 

gfcCa, Sin Ba) 

COzHfaMM&m&mftmM&j]; %%kvEW, Umi&T 300°C, JE^fBHP 0. 2kbar 
300~2000°C , 0. 2-5. Okbar 3> % . 

HS#£(M$n, 31.5-C, 73 kbar)(tf, g^tlft^g&A^-jgllS^a, JlW^ffJ 

mtim, Vtm% 10-48 /jNfff „ 

fcm^J&Js, JtiPiiJ^M, JE^^Mtffi, BP^^fW^RiJ^ 

&. wm, mm 0. wmmmmwmmmft^mm&mmmw®.* 
tomusmmM&^m, 0. 2kbar ktsit. 

in 300iim*/jNW^Hll5ttfett. ftfcftft, TOIWWffiS 3000 um , SMifti* 6000 
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co 2 i^An^utt^ , wm^-ffiwifi^si^^. 

a 3a, 3b &%MM 1 0f#&9l£#AM&£fettB, 3b 3a -t^n 

1: 

g 2.0g tt,^«^^J^M Na ft 8.0g Sft|ffiFRjC?#ftft 12 ^AffiH^, 
ftlftSI 440'C, HSFB.fkP3tfyJS.tlih 500~1000kbar, 16 >h<h»tJB, ^iPSUM, 
JE;fc»3#ffi, &ft«*fcffift*ifcjg, #5J 0. 20g 

ffiflfWitCRlJCPDS^, 6-675 ft26.2°*kW-^W^M#W*ri^. 

ffllfi**«|^«f. ft 1332cm" 1 PMiamm^Rim^^Ei!* (H 2, 1332cm" 1 ft&RF& 
M«KMEi*. #JE Nature Vol. 402, P. 164, 1999.), £#S&3> 4.7 cm" 1 , gifrf 
3^»AH(5»W*(2.6 cm" 1 ), *93^^W^»J5ttffitt»: ft 1363 cm" 1 ft 1591 

mn^n^&wmnmm. i60'c$5«sb, #u o.oisg m&mwm. 

fittW^tffHrjILAHWttWttfift* lOOum (ffi 3). 
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m*£Mmto&m Na tm iu k, Rb, c s %&%.&m, nw^m^wm^ 
mmm 2-. 

M2.5git^mnmK^B^, m5N7o-cb» me®aco 2 ^#, &t> 

M 400~1500kbar, 12 'MMtfJg, ^ipflJM, Jl^M^S, *£&^&t3I*P 

m o. 5%wP5ife^«^7X^^P$^^, am o. o2 g <&&}±m*mm, m^m 
frm 120 n m, m±mm& 300 u m. 

MMt^I K eScffl Li, Na, Rb, Cs 3ji£HC&Jl, 
«M 3: 

* 2. 2g fl^frMltt K *P 6. OgMgC0 3 ^W^ 12 ^MJS.^, Un&M 500^0, 
800~2000kbar, # 18 ^miS, ^4fl£iJM, Jl^J^MSJl, ffSJ 0. 08g 

^ffiX-^WSlfe^^MiiE^^tl^^ra'J^fP^MWM^tlo 

^^IfcWftJ&JI K gfc/B Li, Na, Rb, Cs ^aSJU&M, & vS&m±Wl&m& 

^*^^J4"WMgC0 3 g[ffiAg 2 C03 , CaC0 3 , CdC0 3 , CoC0 3 , CuC0 3 , FeC0 3 , 
BaC0 3 , MnC0 3 , NiC0 3 , PbC0 3 , SrC0 3 , ZnC0 3 , NajC0 3 , K 2 C0 3 , Li 2 C0 3 , US. 

470'C, 950°C, 500'C, 450°C, 480°C, 520°C, 1000'C, 460°C, 550'C, 
540°C, 900°C, 440'C, 1500°C, 1400°C, 750"C, & TOt#&Wm^IlB^'£-'t/o 
4: 

a 2.2 g fo^mm® Li m u. o s mca 12 n^ws^*, mu 

560-C, Htetfi}&t)$] 500-lOOOkbar, 12 >MMtf. frmmU, ffi^l^M^ 

100 n m. 
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5&#&BW&<jNiC 2 C) 4 gfcffl CaC 2 0 4 > CdC 2 0 4 , CoC 2 0 4 , CuC 2 0 4 > CrC 2 0 4 , FeC 2 0 4 ^ 
K 2 C 2 0 4 ^ MnC 2 0 4 , La, (C 2 0 4 ) 3 , Li 2 C 2 0 4 ^ MgC 2 0 4 ^ NeuAO, , PbC 2 0 4 > SrC 2 0 4 > ZnC 2 0 4 , 
La, (C 2 0 4 ) 3 , Cr 2 (C 2 0 4 ) 3 , ^nmmm^m^m^m. 
5: 

W 2.5g fo^mm® Mg 12 ^iftffi^t, MHJ 650°C^, Jnffiii 

AC0 2 ^#, ffi^M 500~1500kbar, imu^H, ftmmU, H ^ P$ M fif ffi , 

^msjtk^, nm o. 23 g nfe«. 

60wmc 

^^iS^J't'W Mg gfcffl Ca, Sr, Ba %j&m±m, Mg#SiJ^ 850°C\ 800'C, 

750-c, favi&m&wteft^Mm&yi. 

^ffiffl 6: 

§ 2.5 g immm&}±m c a #j s.o g gfcjwwTSjR* 12 ^nsjig*. 

»SIJ850°C, ^i#6<JJS^^ 500~1000kbar, ^ 16 n-£Pl!]M, 

mnm, fmtibmmymjs, mm o. 2o g tom&m*, 

130 Um. 

^«H^J+«J Mg gfcJl Ca^ Si\ Ba i&K#5>J;ft 850*C\ 8001C> 

750-c, ^^mmmm^wm^o 

7: 

S 2.0g 4&^!j£fift&Jl Mg mm 14. 0gCoC 2 0 4 ^ #*R;*j 12 ^SJl^'t', iP 
&f!l 6501C, 500~1000kbar, mW 16 ^/.Mtt, <t4Pl!]^, ffi;t>P$ 

S^BI, 0. 20g fftlllfe^. 

50wmo 
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ft^Mm^tt} Mg gfcJE Ca, Si\ Ba *&]i£JB. &g[ftM% 850°Cs 750*C\ 
800 °C , Rr&#&H"J5*l5»M$I'£«J . 

^^l^J+ftjCoCAgfe/S CaC 2 0 4 , CdC 2 0 4 > NiC 2 0 4 „ CuC 2 0 4 , CrC 2 0 4 , FeC 2 0 4 , 
K 2 C 2 0 4 , MnC 2 0 4 „ La, (C 2 0 4 ) 3 , Li 2 C 2 0 4 „ MgC 2 0 4 „ Na^A N PbC 2 0 4 , SrC 2 0 4 „ ZnC 2 0 4 , 

& ^mnmrnm^mu^mo 

8: 

S 3. 5g #&&Miftto&M Sr mm 16. OgFeCQ^gSfRfc 12 STHftEEg'*, j p #i 
50 800'C, 500~1500kbar, 16 >MMtf, JHPSIiaB, H^I^M 

ttffi. ^MfnTK^B, o. 28g 

100 u mo 

Sr eWB Ca, Mg, Ba 3>&J££J1, iSMSW 850 "C, 650"C, 

800-c, &mM&NfcnnEaim&m. 

^fc^JSM+ftJ FeC0 3 gfcffl CaC0 3 , CdC0 3 , CoC0 3 , CuC0 3 , MgC0 3 s BaC0 3 , 
MnC0 3 > NiC0 3 , PbC0 3 > SrC0 3 , ZnC0 3 , NajCO, „ K 2 C0 3 > Li 2 C0 3 , 
950 "C> 820 840 'C, 880 "C, 860 "C, 1000 V, 860 *C, 850 "C, 840 °C, 900X3, 
940"C> 1500°C, 1400°C, 850'C, RT^ff ^Wl^m^MM^o 

2 2. 2 g ft&tfMmi K ^ #inA 300 u m ^:<hW^H!l5A#. Mid 
520-CJ5, JnJBiAC0 2 ^#, ffi^M 500~1500kbar, 16 ^/>Ht, J"Hfl5JM f 
E^feSftffi, ^®&a^7Kt5fe^. 0. 24g MfeS^o 

430 u m. 

&*%M®W&}&m K Li, Na, Rb, Cs *3EJSifejR. & 

mmm&m. 
io: 

s 3. 2 g ft¥tfamtt}±m c s ?n 8. o g mkm^ 12 «7HBjjEig+, # 

#qA 300 n *<lNfi9AH!l5fitt. 300*Cj5, iPjEffiA C0 2 ^#, Jl^/S 
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200~1500kbar, £ft 16 >NMtf, J^SIM, E^J^Ifffi, ^B^M^imj^, 
#110. 12g Hfe&^o 

ffl &Ml§3S&£h3ij5 , &m *Mtftffi-% m-vamm* 300 w m. 

5 m*£MM*&)&m Cs M Li. Na> Rb. K %&m±M, M##J3j 450°C, 

520'C> 480'C, 580V, & W^f&BW^Mtf]?!-^. 
11: 

S 2. 2g 4tf^J2fc£fl K fP 6. 0gMgC0 3 ^*R^ 12 *7Hfc£E£+ f #iPA 300 u 
m jZ'm&Wfa&ft, MSJ500-C, ^,#B<Jffiil^ 800~1000kbar, 18 >MM#» 
io ^4PHMM, Ji^MTfil, ^MSi7Ki5feJf, #10 0. lOg Hfe^c. 

m*&mm*&jikm k ^ li, Na, m>. c s %mm&m, & vsw®&ws&nm 

15 ^^M^J+K MgC0 3 gfcfll CaC0 3 > CdC0 3 , CoC0 3 , CuC0 3 > FeC0 3 > BaC0 3 > 

MnC0 3 , NiC0 3 ^ PbC0 3 , SrC0 3 > ZnC0 3 , Na^O;, > K 2 C0 3 > Li 2 C0 3 , $&jg##J3> 
950 "C> 500 °C, 450 °C\ 480 'C> 520 °C> 1000'C, 460 "C, 550 °C, 540 °C> 900 "C, 
440 °C. 1500*C, 1400*C, 750°C, -& Bj^ff^RlJ^fP^MWM^t/o 
12: 

20 g 2. 2g VG^mmi Na ft 16. 0gNiC 2 O 4 ^^3? 12 W^^B.^ , #JPA 300 

urn %^fo&Wfa&¥?, 480'C, n#^ffi^^) 500~1000kbar, 18 ^/Jn 

Bt, n>mmu, mtt^mnm, ^mutm^mjs, nm o. 26 g 

*fflX-|t^W^feS^it^iI$^^^Ri|5?P^MWM^. 

25 So 

^^il^JtW^NaMLi^ Na. Rb. Cs ^KJi^M. & ^#^^5^ 

^fc^WMNiGABfc/g CaC 2 0^ CdC 2 0 4 > CoC 2 0 4 . CuC 2 0 4 . CrC 2 0^ FeC 2 0 4 . 
K 2 C 2 0 4 . MnC 2 0 4 , La 2 (C 2 0 4 ) 3 s Li 2 C 2 0 4 . MgC 2 0 4 > Na 2 C 2 0 4 , PbC 2 0 4 . SrC 2 0 4 . ZnC 2 0 4 , 

30 ^mn^nmm^m^m^o m^mmm co 2 m^m^pim^u^wi^ 
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WIS. 

i3: 

s 2. 5 g ikip&fflmtti Mg tusbm*. -towmim 2 +waffii* s 4fc*ft#, » 

HJ 650X3 Jg, iPHilA C0 2 ^#, ffi^M 500~1500kbar, 12 ^/hBt, ?HP?!l^ 

ft. S^rKJEHrjEE. . #3U o. 24g ftfift*. 

£ Aftft»ft*bSjg. #I"J^lft&BOT)|$, fi«S%«^#f RTja^fta^* 3200 

y mo 

^^iM^WMggcfflCa, Si\ BaJWEJg&M. ft*#S!j;fr 860X3, 840X3, 780 
^ifi^J 14: 

a 2.o g ib^«»iMtt^« sr m 8.o g giawTftK^wfR^ 12 

#JqA 300um ^B<j£W5ll#, MSI 800X3, *%W&}&]J% 500~1000kbar, $ 
if 16 >NMtf, ^tPSO^ft, ffi*»MfltJE, SfWfcffifnzKifcB. ftSI 0. 2lg Kjm 

^ffl xHit^i^tt**^^^^*^Hd5»5ft Wft^». 
ffiw*»35*wfcaj§, fiaftttt&flmiKfe, £ii*tt&«T*j&¥J^eft* noon 

m 0 

^MWftlSr gfcfflCa, Mg, BaA^JS^Ji, ft£##J:fc 880X3 , 680'C, 820 
X3, &TO^feHd5*l5SWJa^». 
^Jffi^l 15: 

» 2. Og &£ttiM*l!M£fl Mg ft 14. 0gFeC 2 O 4 12 ^^i^J3E^4«, 

A300wm^:/h^HlWffift, MSI 700X3, 500~1000kbar, 16 

n-mmm, ea^m^je, £tt*ts»*8iy§, #iy o. 2o g 

M in, 

ft#«#J*ffjMggfc£Ca, Sr, Ba*aSJS£Jl, ftgKH&Jfc 860X3, 
840X3, 780X3, RT&»&HH5#5Sto»'&<». 

&#&JI,08 , t'toFeC I O 4 gitfB CaC 2 0 4 , CdC 2 0 4 , CoC 2 0 4 , CuC 2 0 4 , CrC 2 0 4 , NiC 2 0 4 , 
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K 2 C 2 0 4 , MnC 2 0 4 > Laj (C 2 0 4 ) , > Li 2 C 2 0 4 , MgC 2 0 4 , NeyCA , PbC 2 0 4 , SrC 2 0 4 , ZnC 2 0 4 . 

16: 

* 2. Og 4bm%ltttt&ll Ca mm 16. OgFeCO^ #*R3> 12 #2in 
A300um^/jN^RlJ5 B B B #, Jq&glJ 850'C, HW&)&J]%J 500~1000kbar, it 16 
>NMtf. ^i-PIO^S, SKAh31*i*i5feS, t#I'J 0. 20 g WHfefMc. 

^MKs^Mi^ejg. mmtfi&wmmm, s»*«^wjiw&»sftfc 1600 

u m. 

&#&MM4>6<JCaMMg^ Sr> Ba5WE|jS&JR, M#$J3j 660X\ 
880 °C, 820'C, &W8#&M&iraftti«-£4b. 

%*Sfej6tWt'W FeC0 3 @Cffi CaC0 3 > CdC0 3 , CoC0 3 , CuC0 3 , MgC0 3 , BaC0 3 , 
MnC0 3 , NiC0 3 , PbC0 3 > SrC0 3 , ZnC0 3 > Na,,C0 3 > K 2 C0 3 , Li 2 C0 3 , $&S4HRI3» 950 
°C, 860'C> 870t\ 880'C, 920'C, 1000'C, 860°C\ 950'C, 850°C, 900°C, 880°C, 
1500-C. 1400X3, 850'C, ibTO^BS5*l5aWS^«». 



10 
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fi SI g * 



io 

Mg, Ca> Sr> Ba <^&J— fflM^fto 

6, mmwmm*. 5 xt^j^ftstt^iitti n s , li, k, Rb, c s + 

ffiMd>-#!tt, jEJRfijSWffllgM^A 300°C, 39rj£Mn^S^Hj£g Mg, Ca, Sr, 

7, ftiBfcftg* 1 ^ + aJSfijffittffi*Si>* 0.2 kbar. 

20 ^ s «j m ^ m & fir » ^ \>x mmmmm^mm 0 m . 
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